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ABSTRACT 
9DULDEOH 'DWD 3ULQWLQJ 9'3 DOORZV FXVWRPLVHG YHUVLRQV RI
PDWHULDO VXFK DV DGYHUWLVLQJ IO\HUV WR EH UHDGLO\ SURGXFHG
+RZHYHU 9'3 LV RIWHQ H[WUHPHO\ GHPDQGLQJ RI FRPSXWLQJ
UHVRXUFHVEHFDXVHHYHQZKHQPXFKRIWKHPDWHULDOVWD\VLQYDULDQW
IURPRQHGRFXPHQWLQVWDQFHWRWKHQH[WLW LVRIWHQVLPSOHUWRUH
HYDOXDWH WKH SDJH FRPSOHWHO\ UDWKHU WKDQ LGHQWLI\LQJ MXVW WKH
SRUWLRQVWKDWYDU\
,QWKLVSDSHUZHH[SORUHLQDQ;0/;6/769*ZRUNIORZDQGLQ
DQHGLWLQJFRQWH[WWKHUHGXFWLRQRIWKHSURFHVVLQJEXUGHQWKDWFDQ
EHUHDOLVHGE\VHOHFWLYHO\UHSURFHVVLQJRQO\WKHYDULDQWSDUWVRIWKH
GRFXPHQW  :H LQWURGXFH D PHWKRG RI SDUWLDO UHHYDOXDWLRQ WKDW
UHOLHV RQ UHHQJLQHHULQJ DQ H[LVWLQJ ;6/7 SDUVHU WR KDQGOH DW
HDFK;0/WUHHQRGHERWKWKHVWRUDJHDQGUHVWRUDWLRQRIVWDWHIRU
WKH XQGHUO\LQJ GRFXPHQW SURFHVVLQJ IUDPHZRUN 4XDQWLWDWLYH
UHVXOWVDUHSUHVHQWHGIRU WKHPDJQLWXGHRI WKHVSHHGXSV WKDWFDQ
EHDFKLHYHG
:HDOVRFRQVLGHUKRZFKDQJHVPDGHWKURXJKDQDSSHDUDQFHEDVHG
LQWHUDFWLYH HGLWLQJ VFKHPH IRU 9'3 GRFXPHQWV FDQ EH
DXWRPDWLFDOO\UHIOHFWHGLQWKHGRFXPHQWYLHZYLDRSWLPLVHG;6/7
UHHYDOXDWLRQRI VXEWUHHV WKDWDUHDIIHFWHGHLWKHUE\ WKHFKDQJHG
VFULSWRUE\DOWHUHGGDWD
Categories and Subject Descriptors 
( >'DWD@ 'DWD 6WUXFWXUHV ²7UHHV , >'RFXPHQW DQG 7H[W
3URFHVVLQJ@ 'RFXPHQW 3UHSDUDWLRQ ² 0DUNXS ODQJXDJHV ,
>'RFXPHQWDQG7H[W3URFHVVLQJ@(OHFWURQLF3XEOLVKLQJ
General Terms 
/DQJXDJHV'RFXPHQWDWLRQ
Keywords 
;6/7 69* 9'3 YDULDEOH GDWD GRFXPHQWV GRFXPHQW HGLWLQJ
GRFXPHQWDXWKRULQJSDUWLDOUHHYDOXDWLRQ
1.  INTRODUCTION 
$SUHYLRXVSDSHU>@KDVLQWURGXFHGWKHLGHDRISUHSDULQJPDWHULDO
IRU9DULDEOH'DWD3ULQWLQJ9'3XVLQJDQ;0/EDVHGZRUNIORZ
VWDUWLQJ ZLWK D GRFXPHQW H[SUHVVHG LQ 'RFXPHQW 'HVFULSWLRQ
)RUPDW '') DQG WKHQ WUDQVIRUPLQJ LW XVLQJ ;6/7 :LWK WKH
KHOS RI DQ ;6/7EDVHG OD\RXW HQJLQH D ILQDO YHUVLRQ RI HDFK
SULQWDEOHLQVWDQFHLVJHQHUDWHGDV69*RXWSXW
,QDIXUWKHUSDSHU>@WKHUHLVDGHVFULSWLRQRIKRZDQLQWHUDFWLYH
HGLWRU LQWHUIDFH FDQ EH VXSHUSRVHG RQ WRS RI WKLV XQGHUO\LQJ
;6/7EDVHGPRGHO+RZHYHULQGRLQJWKLVWKHFKDQJHVVLJQDOOHG
LQWKHLQWHUDFWLYHHGLWRUDUHIHGEDFNLQWRDQXQFKDQJHGµXQGHUWKH
KRRG¶WUDQVIRUPDWLRQFKDLQ7KHZKROHSDJHLVWKHQUHFRPSXWHG
LQFOXGLQJDOO WKHSDUWVRI LW WKDWDUHFRPSOHWHO\XQDIIHFWHGE\WKH
HGLWLQJ SURFHVV $W WKLV VWDJH WKH SHUIRUPDQFH SHQDOWLHV RI WKLV
DSSURDFKEHJLQWREHIHOW
&OHDUO\ WKLQJV FRXOG EH VSHHGHG XS E\ UHFRPSXWLQJ MXVW WKRVH
LWHPVRQDSDJHWKDWDUHDFWXDOO\DIIHFWHGE\DJLYHQHGLW7KLVLQ
WXUQOHDGVWRDFRQVLGHUDWLRQRIWKHVXLWDELOLW\RI;0/DQG;6/7
IRULVRODWLQJH[DFWO\ZKDWQHHGVWREHGRQHDQGHQVXULQJWKDWDQ\
UHFRPSXWDWLRQLVRSWLPLVHGDQGIUHHIURPVLGHHIIHFWV
)RU WKH SXUSRVHV RI WKLV ZRUN ZH KDYH FRQFHQWUDWHG RQ D
VLPSOLILHG \HW UHSUHVHQWDWLYH GRFXPHQW ZRUNIORZ DV VKRZQ LQ
ILJXUH

Fig 1.1 – Example document processing workflow 
2.  DOCUMENT AUTHORING TOOLS 
7KH PDMRU SUREOHP ZKHQ DXWKRULQJ D YDULDEOH GDWD GRFXPHQW LV
WKDW RI SURYLGLQJ WKH DXWKRU ZLWK D JRRG UHSUHVHQWDWLRQ RI D
µW\SLFDO¶GRFXPHQWLQVWDQFHLQFLUFXPVWDQFHVZKHUHE\WKHYHU\
QDWXUHRI9'3DZLGHUDQJHRIYDULDQWVZLOOHYHQWXDOO\KDYHWREH
SURGXFHG
6RPH WRROV VXFK DV X'LUHFW >@ DQG &DW%DVH >@ ZRUN RQ WKH
SUHPLVH RI SURYLGLQJ D SODFHKROGHU FRPSRQHQW WKDW FDQ EH
LQFOXGHG LQ WKH GHVLJQ RI WKH GRFXPHQW ZKLFK LV WKHQ ODWHU
UHSODFHG ZLWK WKH YDULDEOH FRQWHQW ZKHQ WKH VHW RI UHVXOW
GRFXPHQWVLVJHQHUDWHG
7R SURYLGH WKH DXWKRU ZLWK D FRPSOHWH YLHZ RI WKH ILQDO
GRFXPHQWVZLWKRXWZDLWLQJIRUWKHIXOOVHWWREHSURGXFHGVRPH
RI WKH WRROV SURYLGH IXQFWLRQDOLW\ IRU JHQHUDWLQJ D OLPLWHG VHW RI
SUHYLHZ GRFXPHQWV XVLQJ VDPSOH GDWD $OWKRXJK WKLV LV DQ
LPSURYHPHQWRYHUVLPSO\GLVSOD\LQJDYLHZIXOORISODFHKROGHUV
WKHVDPSOHGRFXPHQWVHWVWLOO WDNHV WLPHWRSURGXFHDQGZLWKRXW
JHQHUDWLQJ DQ XQIHDVLEO\ ODUJH QXPEHU RI LQVWDQFHV LW FDQQRW
FRQYH\WKHIXOOGLYHUVLW\RIZKDWPLJKWEHSURGXFHG
7KH DXWKRULQJ WRRO SURGXFHG E\ /XPOH\ HW DO >@ WDFNOHV WKH
SUREOHP RI SODFHKROGHU FRPSRQHQWV E\ ZRUNLQJ GLUHFWO\ RQ D
UHVXOWLQVWDQFH7KLVDSSURDFKSURYLGHVWKHDXWKRUZLWKDFRPSOHWH
),1$/'5$)7RI6KRUW3DSHUDFFHSWHGIRU
$&0'RF(QJ¶6HSWHPEHU±0DQFKHVWHU8QLWHG.LQJGRP
&RS\ULJKW2OOLV%UDLOVIRUGDQG%DJOH\

YLHZRIWKHGRFXPHQWEXWWKHUHLVVWLOOOLWWOHWRVKRZWKHHIIHFWVRI
WKHYDULDEOH FRQWHQW RQ WKH UHVW RI WKHGRFXPHQW DQG DV DOUHDG\
QRWHG WKHGRFXPHQW LQVWDQFHQHHGV WREH IXOO\ UHJHQHUDWHG DIWHU
HYHU\HGLWPDGHWRWKHGRFXPHQW
:HSURSRVHDQDOWHUQDWLYHDXWKRULQJSURFHVVZKHUH WKHDXWKRU LV
SUHVHQWHGZLWK DQ LQWHUDFWLYH LQVWDQFHRI WKHGRFXPHQW LQZKLFK
HDFK YDULDEOH FRPSRQHQW FDQ EH VHSDUDWHO\ PRGLILHG WR VKRZ
GLIIHUHQW UHSUHVHQWDWLRQV EDVHG XSRQ DOWHUQDWLYH YDULDEOH GDWD
7KLVDOORZV WKHDXWKRU WRH[SORUH WKHHIIHFWVRI WKHYDULDEOHGDWD
RQ WKH GRFXPHQW ZKLOH VWLOO SURYLGLQJ D FRPSOHWH LQVWDQFH RQ
ZKLFKWRZRUN
:HQRZGLVFXVV WKHZD\V LQZKLFKDQ LPSOHPHQWDWLRQRISDUWLDO
UHHYDOXDWLRQ FDQ VSHHG XS WKLV NLQG RI HGLWLQJ PRGHO WKHUHE\
UHGXFLQJ WKH ZDLWLQJ WLPH IRU WKH QHZO\ HGLWHG LQVWDQFH WR EH
GLVSOD\HG
3.  REPROCESSING THE DOCUMENT 
,IDGRFXPHQW LV IXOO\UHSURFHVVHGDIWHUHYHU\HGLW WKHDPRXQWRI
SURFHVVLQJGHSHQGVRQ WKH WRWDOVL]HDQGFRPSOH[LW\RI WKHSDJH
2XU DLP LV WR EUHDN WKLV FRXSOLQJ DQG WR PDNH WKH DPRXQW RI
UHSURFHVVLQJ GHSHQG RQO\ RQ WKH FRPSOH[LW\ RI WKH HGLW EHLQJ
SHUIRUPHG
3.1.  Partial Re-Evaluation 
7KH LGHD RI LPSOHPHQWLQJ OD]\ SURFHVVLQJ IRU ;0/EDVHG
GRFXPHQWV DQGSDUWLFXODUO\ IRU OD]LQHVV LQ WKH;6/7SURFHVVLQJ
LWVHOI KDV EHHQ LQYHVWLJDWHG E\ 1RJD HW DO >@ ,Q WKHLU
ZRUNIORZV LW LV WKH FDVH WKDW RQO\ SDUW RI WKH RXWSXW IURP D
WUDQVIRUPDWLRQPLJKWEHUHTXLUHGDQGVRSURFHVVLQJZDVWULJJHUHG
LQ D GHPDQGGULYHQ ZD\ ZKHQHYHU D JLYHQ ;0/ QRGH ZDV
DFFHVVHG 7KH ZRUN E\ 9LOODUG DQG /D\DwGD >@ ZDV VLPLODU LQ
VSLULW7KH\DQDO\VHGDVHWRIFKDQJHVWREHPDGHWRDGRFXPHQW
DVDUHVXOWRIGDWDYDOXHVEHLQJDOWHUHGDQG WULHG WRFDOFXODWH WKH
QHFHVVDU\ UHFRPSXWDWLRQ RI WKH ;6/7 VFULSW LQ RUGHU WR HIIHFW
WKRVHFKDQJHV
,QRXUFDVHZHKDYH WRJREH\RQG LPSOHPHQWLQJ OD]LQHVV VLPSO\
IRUDµRQHRII¶XVDJHHLWKHUWRJHQHUDWHSDUWRIDGRFXPHQWRU WR
LPSOHPHQW D VLQJOH VHW RI FKDQJHV )RU XV WKH HGLWUHSURFHVV
LWHUDWLRQZLOOEHDFWLYDWHGPDQ\WLPHVGXULQJHGLWLQJDQGVLQFHWKH
HGLWRU QHHGV D VWDQGDUG GRFXPHQW LQVWDQFH WR ZRUN RQ LW DOVR
IROORZV WKDW LW KDV WR EH LQLWLDOLVHG ZLWK D IXOO\ FDOFXODWHG
GRFXPHQW
6LQFH WKH ;6/7 VFULSW LQ RXU H[DPSOH ZRUNIORZ SURGXFHV WKH
UHVXOWLQJ69*GRFXPHQWE\ELQGLQJLQWKHFRQWHQWRIWKHYDULDEOH
GDWD ILOH HDFK FRPSRQHQW LPDJHV WH[W HWF LQ WKH 69* LV
JHQHUDWHG GLUHFWO\ IURP D JLYHQ QRGH LQ WKH ;6/7 VFULSW 7KLV
PDSSLQJ DOORZV XV WKH SRVVLELOLW\ RI UHJHQHUDWLQJ VHOHFWHG
FRPSRQHQWVLQWKHUHVXOW69*GRFXPHQWE\UHH[HFXWLQJVSHFLILF
LQVWUXFWLRQVLQWKH;6/7VFULSW+RZHYHUVLPSO\NQRZLQJZKLFK
LQVWUXFWLRQVWRUHH[HFXWHLVQRWVXIILFLHQWWRDOORZXVWRUHJHQHUDWH
WKH UHTXLUHG FRPSRQHQWV (DFK LQVWUXFWLRQ LQ WKH VW\OHVKHHW LV
H[HFXWHG ZLWK WKH SURFHVVRU LQ D SDUWLFXODU VWDWH ZKLFK LV
GHSHQGHQWRQWKHH[HFXWLRQRISUHYLRXVLQVWUXFWLRQV,WLVWKHUHIRUH
HVVHQWLDO IRU WKLV VWDWH WR EH VHW XS FRUUHFWO\ DW HYHU\ WUHH QRGH
EHIRUHDWWHPSWLQJDQ\SDUWLDOUHHYDOXDWLRQRIWKHGRFXPHQW
4.  STORING PROCESSOR STATE 
,QRUGHUWRUHVWRUHWKHVWDWHRIWKHXQGHUO\LQJ;6/7SURFHVVRUDWD
JLYHQSRLQW VXFK WKDWZHFDQ UHSHDW WKHH[HFXWLRQRISDUWRI WKH
VW\OHVKHHWZHPXVWILUVWDFTXLUHDQGVWRUHWKHUHOHYDQWVWDWHGXULQJ
WKH LQLWLDO H[HFXWLRQ 7KH VWDWH RI WKH SURFHVVRU FRPSULVHV WKH
IROORZLQJSLHFHVRILQIRUPDWLRQ
x 7KHFXUUHQWPRGH
x 7KHFXUUHQWFRQWH[WQRGH
x 7KHFXUUHQWSRVLWLRQ
x 7KHQDPHVDQGYDOXHVRIDQ\YDULDEOHVDQGSDUDPHWHUV
WKDWDUHLQVFRSH
7R OLQN WKLV LQIRUPDWLRQ WR WKH UHODWHG SRLQW LQ WKH ;6/7
VW\OHVKHHW ZH DOVRQHHG WRSURGXFH D UHIHUHQFH WR WKH DVVRFLDWHG
LQVWUXFWLRQWKDWZDVH[HFXWHG
7KHUHDUHSRWHQWLDOO\WZRZD\VRIUHWDLQLQJWKLVVWDWHLQIRUPDWLRQ
GXULQJWKHH[HFXWLRQRIWKHVW\OHVKHHWHLWKHUPRGLI\WKHVW\OHVKHHW
WR JHQHUDWH WKH VWDWH LQIRUPDWLRQ DV H[WUD ;0/
HOHPHQWVDWWULEXWHV RU PRGLI\ WKH ;6/7 SURFHVVRU VR WKDW LW
SURGXFHVWKHLQIRUPDWLRQVHSDUDWHO\WRWKHRXWSXW
4.1.  Modifying the Stylesheet 
7KHLGHDRIPRGLI\LQJDQ;6/7VW\OHVKHHW WRKDQGOH WKHVWRUDJH
RIDVVRFLDWHGLQIRUPDWLRQZLWKLQWKHGRFXPHQWWUHHLWVHOIKDVEHHQ
LQYHVWLJDWHGLQSUHYLRXVZRUN>@:HUHVHDUFKHGWKHSRVVLELOLWLHV
RI VWRULQJ WKH H[WUD LQIRUPDWLRQ HLWKHU DV H[WUD HOHPHQWV RU DV
DGGLWLRQDODWWULEXWHVDGGHGWRH[LVWLQJHOHPHQWV
,Q VXPPDU\ WKH µDGGLWLRQDO DWWULEXWHV¶ DSSURDFK ZRUNHG
SDUWLFXODUO\ ZHOO IRU WKH LQYHVWLJDWLRQV EHLQJ XQGHUWDNHQ DW WKH
WLPHEXWZHFRXOGQRWDGRSWLWLQWKHSUHVHQWUHVHDUFKHVRZLQJWR
LWV IUDJLOLW\ LQ WKH XQOLNHO\ EXW SHUIHFWO\ SRVVLEOH HYHQW WKDW
;6/7VWDWHEHFDPHGHSHQGHQWRQWKHSUHFLVHQXPEHURIDWWULEXWHV
DWVRPHJLYHQQRGH
4.2.  Working Within the Processor 
0DQ\ RI WKH SUREOHPV RI VWDWH VWRUDJH FDQ EHVW EH WDFNOHG E\
DGDSWLQJ WKH ;6/7 SURFHVVRU LWVHOI 7KH WDVN RI UHWULHYLQJ WKH
UHTXLUHGH[HFXWLRQVWDWHLQIRUPDWLRQLVWKHQPDGHHDVLHUE\KDYLQJ
GLUHFWDFFHVVWRWKHSURFHVVRU¶VLQWHUQDOGDWDVWUXFWXUHV7KHYDOXHV
RI YDULDEOHV SDUDPHWHUV HWF FDQ EH DFFHVVHG DQG FRSLHG DW DQ\
SRLQW GXULQJ H[HFXWLRQ ZLWKRXW WKH QHHG WR PRGLI\ WKH RULJLQDO
VW\OHVKHHW
7KH SUREOHP RI VHSDUDWLQJ WKH VWRUHG VWDWH LQIRUPDWLRQ IURP WKH
RULJLQDO RXWSXW RI WKH VW\OHVKHHW LV DOVR VROYHG LQ WKLV DSSURDFK
VLQFH ZH KDYH FRQWURO RYHU WKH RXWSXW VWUHDPV XVHG E\ WKH
SURFHVVRU7KHRULJLQDOUHVXOWVWUHDPFDQEHOHIWXQDIIHFWHGZKLOVW
WKH VWDWH LQIRUPDWLRQ SURGXFHG DV WKH SURFHVVRU H[HFXWHV FDQ EH
VWRUHGLQWHUQDOO\RUUHGLUHFWHGWRDVHSDUDWHRXWSXWVWUHDP
$OWKRXJKH[LVWLQJ;6/7SURFHVVRUVDUHFOHDUO\QRWGHVLJQHGZLWK
SDUWLDO UHHYDOXDWLRQ LQ PLQG DQG WKHUHIRUH WKHUH LV SRWHQWLDOO\
VLJQLILFDQW UHIDFWRULQJ UHTXLUHG ZH EHOLHYH WKDW DGDSWLQJ DQ
H[LVWLQJ SURFHVVRU LV D EHWWHU VROXWLRQ WKDQ GHYHORSLQJ D QHZ
SURFHVVRUIURPVFUDWFK7KHPDLQEHQHILWLVWKDWRIKDYLQJDIXOO\
ZRUNLQJ;6/7SURFHVVRU IURP WKHYHU\EHJLQQLQJZKLFK DOORZV
XVWRFRQFHQWUDWHIXOO\RQWKHSDUWLDOUHHYDOXDWLRQIXQFWLRQDOLW\
,Q VHOHFWLQJ DQ;6/7SURFHVVRU IRUPRGLILFDWLRQ WKHUH DUHPDQ\
SRWHQWLDOFDQGLGDWHVVXFKDV6D[RQ>@;DODQ>@HWF:HRSWHG
WRXVH6D[RQLQWKLVZRUNGXHWRLWVVXSSRUWIRU;6/7DQGLWV
UHSXWDWLRQRIEHLQJRQHRIWKHEHVW;6/7SURFHVVRUVDYDLODEOH
5.  PROCESSOR MODIFICATIONS 
7KH H[HFXWLRQ SURFHVV SHUIRUPHG E\ 6D[RQ FDQ EH GLYLGHG LQWR
WKHIROORZLQJVWDJHV
x ;6/7VFULSWDQGLQSXW;0/GRFXPHQWSDUVLQJ
x 6W\OHVKHHWFRPSLODWLRQ
x 6W\OHVKHHWH[HFXWLRQ
(DFK RI WKHVH VWDJHV UHTXLUHV VRPH DXJPHQWDWLRQ WR SURYLGH WKH
IXQFWLRQDOLW\QHFHVVDU\WRVXSSRUWSDUWLDOUHHYDOXDWLRQ
5.1.  Input Data Representation 
7KH LQLWLDO SDUVLQJ RI WKH ;6/7 VFULSW LQWR DQ LQWHUQDO WUHH
UHSUHVHQWDWLRQ LV W\SLFDO RI WKDW SHUIRUPHG E\ PDQ\ ;0/EDVHG
WRROVDQGLVOHIWODUJHO\XQFKDQJHG+RZHYHULQRUGHUWRVXSSRUW
SDUWLDO UHHYDOXDWLRQ HDVLO\ DV D UHVXOW RI FKDQJHV WR WKH LQSXW
GDWD D QHZ VZLWFKDEOH WUHH UHSUHVHQWDWLRQ RI WKH LQSXW ;0/
GRFXPHQWLVXVHG
%HFDXVH WKHUHVXOWGRFXPHQW WKDW LVFUHDWHG LVHQWLUHO\GHSHQGHQW
XSRQWKHYDULDEOHGDWDLQVWDQFHXVHGWKHGRFXPHQWDXWKRUPXVWEH
DEOHWRFKDQJHWKLVGDWDLQRUGHUWRYLHZDOWHUQDWLYHYHUVLRQVRIWKH
GRFXPHQW WKDW PLJKW EH SURGXFHG 6LPSO\ VHOHFWLQJ D FRPSOHWH
QHZ LQSXW GRFXPHQW OLPLWV IOH[LELOLW\ DQG DOVR FRPSOLFDWHV WKH
SURFHVVRIUHFRUGLQJWKHSURFHVVRU¶VH[HFXWLRQVWDWH7KHUHIRUHD
QHZGRFXPHQWPRGHO LVXWLOL]HG LQZKLFKDOOYDULDWLRQVRIQRGHV
DQG FRQWHQW DUH DPDOJDPDWHG LQWR D VLQJOH VWUXFWXUH WKDW FDQ EH
PRUSKHG LQWR DQ\ VLQJOH LQVWDQFH E\ VHOHFWLQJ D SDUWLFXODU
FRPELQDWLRQ RI WKH DOWHUQDWLYH QRGHV DYDLODEOH 7KLV VWUXFWXUH
LPSOHPHQWV WKH VWDQGDUG '20 LQWHUIDFH DQG VR FDQ EH GLUHFWO\
SURFHVVHGERWKE\6D[RQDQGDOVRE\DQ\RWKHUSDUWVRIWKHHGLWLQJ
IUDPHZRUNWKDWDUHDZDUHRILWVXQGHUO\LQJQDWXUH
5.2.  Stylesheet Compilation 
7KH QH[W VWDJH LQ WKH LQWHUQDO SURFHVVLQJ SLSHOLQH LV WKDW RI
FRPSLOLQJWKHSDUVHG;6/7VW\OHVKHHWLQWRDVHULHVRILQVWUXFWLRQV
WKDW ZLOO ODWHU EH H[HFXWHG 7KLV SURFHVV LV DXJPHQWHG E\
PDLQWDLQLQJUHODWLRQVKLSVEHWZHHQWKHFRPSLOHGLQVWUXFWLRQV-DYD
REMHFWV DQG WKHLU FRUUHVSRQGLQJ WUHH QRGHV 7KHVH UHODWLRQV DUH
QHFHVVDU\ ZKHQ VHOHFWLQJ DQG UHH[HFXWLQJ WKH VSHFLILF
LQVWUXFWLRQV WKDW UHODWH WR SDUWV RI WKH VW\OHVKHHW WKDW ZH ZLVK WR
SDUWLDOO\UHHYDOXDWH
$VHFRQGPDMRUPRGLILFDWLRQVXSSRUWVFKDQJHVWRWKHVW\OHVKHHWDV
DUHVXOWRIDQHGLWLQJRSHUDWLRQ$Q\FKDQJHVPDGHWRWKHSDUVHG
;6/7 VW\OHVKHHW WUHH PXVW EH UHIOHFWHG LQ LWV FRPSLOHG IRUP LI
WKH\ DUH WR WDNH HIIHFW ZKHQ WKH GRFXPHQW LV UHH[HFXWHG
7KHUHIRUHIXQFWLRQDOLW\PXVWEHDGGHGWRVXSSRUWWKHUHPRYDORI
LQVWUXFWLRQV IURP WKH FRPSLOHG H[HFXWDEOH ZKHQ WKH
FRUUHVSRQGLQJQRGHKDVEHHQUHPRYHGIURPWKHVW\OHVKHHWWUHH,Q
PRVW FDVHV WKLV ³XQFRPSLODWLRQ´ LV VLPSO\ D FDVH RI UHPRYLQJ
WKH UHOHYDQW LQVWUXFWLRQ REMHFW IURP LWV SDUHQW EXW LQ RWKHUV D
VHULHVRIFKDQJHVPDGHWRUHODWHGREMHFWVPXVWDOVREHUHYHUVHG
5.3.  Stylesheet Execution 
7KH ILQDO H[HFXWLRQ VWDJH VHHV WKH PRVW FKDQJHV (DFK RI WKH
LQVWUXFWLRQVLQWKHFRPSLOHGIRUPRIWKHVW\OHVKHHWPXVWUHFRUGWKH
VWDWH RI WKH SURFHVVRU ZKHQ LW LV H[HFXWHG 7R DFKLHYH WKLV WKH
H[HFXWLRQ URXWLQHVEXLOW LQWR WKHYDULRXV LQVWUXFWLRQ FODVVHV KDYH
EHHQPRGLILHG WRVDYH WKHUHTXLUHG LQIRUPDWLRQ WRDJOREDO µVWDWH
WUHH¶ KHOG ZLWKLQ WKH SURFHVVRU 7R PLQLPLVH WKH DPRXQW RI
PHPRU\ UHTXLUHG WKH VWDWH WUHH LV VWUXFWXUHG VR WKDW HDFK HQWU\
VWRUHVRQO\QHZRUXSGDWHGYDOXHV²DQ\XQFKDQJHGRUSUHYLRXVO\
GHILQHGYDULDEOHVHWFDUHUHIHUHQFHGIURPSUHFHGLQJVWDWHV
$V ZHOO DV VWRULQJ WKH VWDWH GXULQJ H[HFXWLRQ RI WKH FRPSLOHG
LQVWUXFWLRQV VXSSRUW PXVW DOVR EH DGGHG WR DOORZ IRU WKLV
LQIRUPDWLRQ WR EH XVHG GXULQJ SDUWLDO UHHYDOXDWLRQ RI WKH
VW\OHVKHHW7KHUHIRUHWKHRXWSXWJHQHUDWHGE\RXUUHYLVHGYHUVLRQ
RI 6D[RQ H[WHQGV WKH VWDQGDUG '20 LQWHUIDFH E\ H[SRVLQJ WKH
UHODWLRQV EHWZHHQ WKH RXWSXW HOHPHQWV DQG WKH LQVWUXFWLRQV WKDW
JHQHUDWHG WKHP 8VLQJ WKHVH UHODWLRQV DORQJ ZLWK D UHIHUHQFH WR
WKHFRUUHFWHQWU\LQWKHVWDWHWUHHZHFDQFDOOXSRQWKHSURFHVVRU
WR UHH[HFXWH WKH VW\OHVKHHW VWDUWLQJ DW D JLYHQ LQVWUXFWLRQ
)XQFWLRQDOLW\ KDV EHHQ DGGHG WR VXSSRUW WKH UHVWRUDWLRQ RI WKH
SURFHVVRU VWDWH IURP WKH VXSSOLHG YDOXHV VWRUHG ZLWKLQ WKH VWDWH
WUHH
%HIRUHSHUIRUPLQJWKHUHH[HFXWLRQRIWKHVHOHFWHG LQVWUXFWLRQV
ZH FKDQJH WKH RXWSXW VWUHDP XVHG E\ 6D[RQ WKURXJK ZKLFK DQ\
UHVXOWQRGHVDUHVHQW%\FUHDWLQJDQHZVWUHDPDQGGLYHUWLQJWKH
QHZO\SURGXFHGRXWSXW WKURXJK LW ZH FDQ FDSWXUH WKHJHQHUDWHG
UHVXOWWUHHIUDJPHQW7KLVFDQWKHQEHXVHGWRUHSODFHWKHH[LVWLQJ
VXEWUHHLQWKHRULJLQDOUHVXOWGRFXPHQW
6.  AUTOMATIC RE-EVALUATION 
,QD W\SLFDOHGLWLQJHQYLURQPHQW LW LVHVVHQWLDO WKDW WKHFXUUHQWO\
GLVSOD\HG YLHZ LV DQ DFFXUDWH UHSUHVHQWDWLRQ RI WKH GRFXPHQW
7KHUHIRUHZKHQDQHGLWLVPDGHWRWKHGRFXPHQWWKHYLHZPXVWEH
UHGUDZQZLWKWKHDGGLWLRQDOSRVVLELOLW\RIVRPHSDUWVRIWKHUHVXOW
GRFXPHQW UHTXLULQJ UHSURFHVVLQJ &RQVHTXHQWO\ LW PDNHV VHQVH
IRU WKH UHSURFHVVLQJ WR EH SHUIRUPHG LI DQGRQO\ LI WKH FXUUHQW
GRFXPHQWYLHZUHTXLUHVLW7KLVPRYHVWKHGHFLVLRQRIZKDWSDUWV
RI WKH UHVXOW GRFXPHQW DUH LQ QHHG RI UHHYDOXDWLRQ WR WKH UHVXOW
GRFXPHQW LWVHOI DQG HOLPLQDWHV UHGXQGDQW UHSURFHVVLQJ RI
FRPSRQHQWVWKDWDUHQRWGLVSOD\HG7KHSUREOHPUHPDLQVKRZHYHU
WKDWHDFKQRGHLQWKHUHVXOWWUHHKDVQRNQRZOHGJHRIWKHHGLWWKDW
KDVEHHQSHUIRUPHG
7RVROYH WKLVSUREOHP UHIHUHQFHV WRQRGHV LQ WKH LQSXWGDWD WUHH
DUH VWRUHG DV SDUW RI WKH SURFHVVRU VWDWH HYHU\ WLPH D QRGH LV
DFFHVVHG GXULQJ SURFHVVLQJ $ VLPLODU SURFHVV RI UHFRUGLQJ WKH
VSHFLILF LQVWUXFWLRQ REMHFWV XVHG LQ WKH VW\OHVKHHW LV DOVR
SHUIRUPHG7KHUHIRUHZKHQ WKHUHVXOWGRFXPHQW WUHH LVDFFHVVHG
DV SDUW RI WKH QHFHVVDU\ UHGUDZLQJ HDFK QRGH KDV DFFHVV WR
UHIHUHQFHV WRDOO WKH LQSXWGDWDQRGHVDQG LQVWUXFWLRQREMHFWV WKDW
ZHUHXVHGGXULQJLWVFUHDWLRQDQGFDQFKHFNWRVHHZKHWKHUWKHVH
QRGHVLQVWUXFWLRQVKDYHEHHQFKDQJHGRUUHSODFHG
7.  RESULTS 
7KHDQDO\VLVQRZSUHVHQWHGXVHV WKUHHFRQWUDVWLQJFRQILJXUDWLRQV
WRKLJKOLJKW WKHUHODWLYHSHUIRUPDQFHRI WKHSURSRVHG WHFKQLTXHV
7KHILUVWRIWKHVHFRQILJXUDWLRQVXVHVWKHRULJLQDOYHUVLRQRI6D[RQ
ZLWKRXWDQ\PRGLILFDWLRQV7KHWZRUHPDLQLQJVHWXSVERWKXVHWKH
DXJPHQWHGYHUVLRQRI6D[RQWKDWKDVEHHQGHYHORSHGZLWKVXSSRUW
IRU WKH WHFKQLTXHV GLVFXVVHG LQ WKLV SDSHU 7KH ILUVW RI WKHVH
SHUIRUPV D FRPSOHWH UHHYDOXDWLRQRI WKHGRFXPHQWZKHUHDV WKH
RWKHUSHUIRUPVRQO\DSDUWLDOUHHYDOXDWLRQLQDFFRUGDQFHZLWKWKH
WHFKQLTXHVGLVFXVVHGHDUOLHULQWKHSDSHU)RUVLPSOLFLW\WKHWKUHH
V\VWHPVZLOOEHUHIHUUHGWRDV$%DQG&UHVSHFWLYHO\
7DEOH  VKRZV WKH SHUIRUPDQFH RI WKH WHVW V\VWHPV ZKHQ UH
SURFHVVLQJDGRFXPHQWWKDWFRQWDLQVRQO\DQXPEHURIVLPSOHOLQHV
RI WH[W $Q LQFUHDVH LQ WKH VL]HFRPSOH[LW\ RI WKH GRFXPHQW LV
PRGHOOHG E\ DGGLQJ JUHDWHU QXPEHUV RI WH[W FRPSRQHQWV WR WKH
SDJH$ORFDOLVHGHGLWLVVLPXODWHGE\UHSURFHVVLQJMXVWRQHRIWKH
OLQHVRIWH[WSUHVHQWLQWKHUHVXOWGRFXPHQW
$VH[SHFWHGWKHWLPHWDNHQWRJHQHUDWHWKHXSGDWHGYHUVLRQRIWKH
UHVXOWGRFXPHQWE\WKHSODLQ6D[RQV\VWHP$LQFUHDVHVLQGLUHFW
SURSRUWLRQ WR WKH QXPEHU RI FRPSRQHQWV 7KLV RXWFRPH LV DOVR
REVHUYHG LQ V\VWHP % ZKHUH WKH HQWLUH GRFXPHQW LQ DOVR UH
HYDOXDWHG 7KH SDUWLDOO\ HYDOXDWLQJ V\VWHP & PDLQWDLQV D QHDU
FRQVWDQW UHFRPSXWDWLRQDO FRVW LUUHVSHFWLYHRI WKHRYHUDOO VL]HRI
WKHGRFXPHQW
&RPSRQHQWV $PV %PV &PV
   
   
   
   
   
Table 7.1 – Performance results of test systems 
$OWKRXJKWKHYDOXHVIRUV\VWHP%DUHODUJHUWKDQWKRVHIRU$WKH
IUHTXHQF\ ZLWK ZKLFK WKLV ZRUVH FDVH LV HQFRXQWHUHG LQ RXU
SDUWLDOO\ UHHYDOXDWLQJSURFHVVRU LV UHODWLYHO\ ORZ 7KLV FRQWUDVWV
ZLWK WKH ZRUNLQJV RI V\VWHP $ ZKHUH HYHU\ UHSURFHVVLQJ
RSHUDWLRQUHVXOWVLQMXVWVXFKDZRUVWFDVH,QGHSHQGHQFHEHWZHHQ
GRFXPHQWFRPSRQHQWVDQGWKHV\VWHPRIDXWRPDWLFUHHYDOXDWLRQ
SUHYLRXVO\GLVFXVVHGPHDQVWKDWFLUFXPVWDQFHVUHTXLULQJDIXOOUH
SURFHVVLQJRIWKHGRFXPHQWVXFKDVWKRVHPRGHOOHGLQV\VWHP%
DUH XQOLNHO\ WR RFFXU LQ SUDFWLFH )XUWKHUPRUH VLQFH GRFXPHQWV
DXWKRUHG IURP VFUDWFK DUH EXLOW RQH FRPSRQHQW DW D WLPH WKH
RYHUKHDGVWKDWDUHWKHFDXVHRIWKHODUJHUYDOXHVIRUV\VWHP%DUH
DEVRUEHG LQ DQ LQFUHPHQWDO IDVKLRQ WKXV PDLQWDLQLQJ ORZ
LQGLYLGXDOUHSURFHVVLQJFRVWV
8.  CONCLUSIONS AND FUTURE WORK 
,QWKLVSDSHUZHKDYHVKRZQKRZDSURFHVVLQJIUDPHZRUNFDQEH
RSWLPL]HGIRUUHSHDWHGHGLWLQJRIDGRFXPHQWXVLQJDSDUWLDOO\UH
HYDOXDWLQJSURFHVVRUWKDWUHFRUGVDQGUHVWRUHVLWVH[HFXWLRQVWDWH
:HDUHJUHDWO\HQFRXUDJHGE\WKHREVHUYDWLRQLQSUDFWLFHWKDWWKH
VSHHGLQFUHDVHRIFDVH&FRPSDUHGWRFDVH$WUXO\GRHVUHVXOWLQ
D PXFK PRUH UHVSRQVLYH HGLWLQJ H[SHULHQFH ,W LV HQYLVDJHG WKDW
RSWLPL]DWLRQV DQG RWKHU LPSURYHPHQWV FXUUHQWO\ EHLQJ WHVWHG
ZLWK WKH UHZRUNHG '20 LPSOHPHQWDWLRQ DQG LWV DVVRFLDWHG GDWD
VWUXFWXUHV FDQ IXUWKHU UHGXFH WKH LQLWLDO SURFHVVLQJ FRVW DQG
VXEVHTXHQWRYHUKHDGV
*LYHQ WKDW 9'3 GRFXPHQWV RIWHQ KDYH D PDUNHGO\ ³FRPSRQHQW
EDVHG´QDWXUH WKHSRVVLELOLW\RIJHQHUDWLQJ WKHILQDO69*RXWSXW
LQ WKH IRUPRI69*&2*V >@KDV WKHSRWHQWLDO IRU OLPLWLQJRU
UHPRYLQJ WKH GHSHQGHQFLHV EHWZHHQ GRFXPHQW FRPSRQHQWV
WKHUHE\ OHDGLQJ WR D JUHDWHU ORFDOL]DWLRQ RI DIIHFWHG QRGH VHWV
ZLWKLQ WKH LQSXW GRFXPHQW )XUWKHUPRUH WKH SRVVLELOLW\ RI
GHYHORSLQJ IXOO\ FRPSRQHQWL]HG VRXUFH GRFXPHQWV RIIHUV WKH
SRWHQWLDO WR LQFUHDVH WKHLU LQKHUHQW ORFDOLW\ KHQFH PDNLQJ WKH
SHUIRUPDQFHJDLQVVKRZQLQWKLVSDSHUPRUHUHDGLO\DFKLHYHG
$ ILQDODUHDRI LQWHUHVW LV WKDWRIH[WHQGLQJ WKHZRUNEH\RQG WKH
UHDOP RI HGLWLQJ 9'3 GRFXPHQWV LQWR WKH SKDVH ZKHUH WKH\ DUH
DFWXDOO\SULQWHG5DWKHUWKDQJHQHUDWLQJDVHULHVRIGRFXPHQWVE\
IXOO\ HYDOXDWLQJ ZLWK QHZ LQVWDQFH GDWD LW PLJKW EH SRVVLEOH WR
WUHDW HDFK FXVWRPLVHG GDWD LQVWDQFH DV D VHULHV RI HGLWV WR WKH
SUHYLRXVLQVWDQFH)RUVHWVRIGRFXPHQWVZLWKDVXIILFLHQWGHJUHH
RI FRPPRQDOLW\ WKLVPLJKWZHOO SURYLGH DPHWKRGRI HIILFLHQWO\
JHQHUDWLQJLQVWDQFHGRFXPHQWVZLWKRXWWKHQHHGWRSHUIRUPDKHDG
RIWLPHRSWLPL]DWLRQVVXFKDVWKRVHGHVFULEHGLQ>@
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